% PTO/SB/21 (09-04) 

nrT t a onnc i Approved for use through 07/31/2006. OMB 0651-0031 

UU I 4 Lm m l U.S. Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE 

ftv Under the Paperwork Reduction Act of 1 995, no persons are required to respond to a collection of information unless it displays a valid OMB control number. 



TRANSMITTAL 
FORM 


(to be used for all correspondence after initial filing) 


Application Number 


Filing Date 


First Named Inventor 


Art Unit 


Examiner Name 


10/021,988 


December 13, 2001 


James Florence 


2872 


Amel C. Lavarias 


Total Number of Pages in This Submission 


Attorney Docket Number 


SLA0354 


ENCLOSURES (check all that apply) 


IXI Fee Transmittal Form 
I I Fee Attached 

I I Amendment / Reply 

HI After Final 

I I Affidavits/declaration(s) 
I I Extension of Time Request 

Express Abandonment Request 

I I Information Disclosure 
Statement 

□ Certified Copy of Priority 
Document(s) 

Reply to Missing Parts/ 
Incomplete Application 

I I Reply to Missing Parts 
under 37CFR1.52 or 1.53 


□ Drawing(s) 

I I Licensing-related Papers 
I I Petition 

I I Petition to Convert to a 
Provisional Application 

I I Power of Attorney, Revocation 
Change of Correspondence Address 

I I Terminal Disclaimer 

I I Request for Refund 

□ CD, Number of CD(s) 


□ Landscape Table on CD 


I I After Allowance Communication to TC 

I I Appeal Communication to Board 
of Appeals and Interferences 

^ Appeal Communication to TC 
(Appeal Notice, Brief, Reply Brief; 

I I Proprietary Information 
I I Status Letter 

I I Other Enclosure(s) 
(please identify below) : 


| Remarks I 



r 


CERTIFICATE OF TRANSMISSION/MAILING 


I hereby certify that this correspondence is being deposited with the United States Postal Service with sufficient postage as first 
class mail in an envelope addressed to.-Mail ptop appeal Brief, Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313- 
1 450 on the date shown below. /// /l f J 


Signature 


\^ Typed or printed name 


Tatyana Shavrikova/ 


Date | October 12, 2005 


This collection of information is required by 37 CFR 1.5. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to 
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to 12 minutes to complete, including 
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the 
amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and 
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS 
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, V A 22313-1450. 


If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2. 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 


In re Application of: 
Inventor: James M. Florence 


Serial No.: 10/021,988 

Filed: December 13, 2001 

Title: POLARIZED LIGHT 

BEAM SPLITTER 
ASSEMBLY INCLUDING 
EMBEDDED WIRE 
GRID POLARIZER 


Board of Appeals and Interferences 
United States Patent and Trademark Office 
P.O. Box 1450 
Alexandria, VA 22313-1450 


Attorney Docket No. 
SLA0354 


Customer No. 27,518 
Group Art Unit 2872 
Examiner: Lavarias, A. 
Confirmation No.: 7651 


0*J 



3 


APPEAL BRIEF TRANSMITTAL LETTER 

Enclosed is a copy of an Appeal Brief for the above-mentioned application, 
responsive to a Final Office Action mailed August 4, 2005. A Notice of Appeal for 
the above-mentioned application accompanies this paper. 


10/17/2005 EFLQRES 00000079 500803 10021986 
01 FC-.M02 500.00 DA 


r 


X The Commissioner is hereby authorized to charge a fee in the 

amount of $ 500.00 to cover the filing of the Appeal Brief to Deposit 
Account No. 500803. A duplicate copy of this authorization is 
enclosed. 


X The Commissioner is hereby authorized to charge underpayment of 

any fees, or credit any overpayment associated with this 



Customer No. 27518 

David Ripma, Patent Counsel 

Sharp Laboratories of America, Inc. 

5750 NW Pacific Rim Blvd. 

Camas, WA 98607 

Telephone: (360) 834-8754 

Facsimile: (360) 817-8505 


E UNITED STATES PATENT AND TRADEMARK OFFICE 


In re Application of: 

) PATENT APPLICATION 

Inventor: 

James M. Florence 

) Attorney Docket No. 
) SLA0354 

Serial No.: 

10/021,988 


Filed: 
Title: 

December 13, 2001 

POLARIZED LIGHT 
BEAM SPLITTER 
ASSEMBLY INCLUDING 
EMBEDDED WIRE 
GRID POLARIZER 

) Group Art Unit 2872 
) Examiner: Lavarias, A. 
) Confirmation No.: 7651 


Board of Patent Appeals and Interferences 
United States Patent and Trademark Office 
P.O. Box 1450 
Alexandria, VA 22313-1450 


BRIEF ON APPEAL 

This is an appeal from the rejection by Examiner Arnel Lavarias, 
Group Art Unit 2872, of claims 22-40 as set forth iii the CLAIMS 
APPENDIX, all claims in the application. 


SLA354_Appeal Brief 


1 


REAL PARTY IN INTEREST 

The real party in interest is Sharp Laboratories of America, 
Inc., as assignee of the present application by an Assignment in the 
United States Patent Office with a Recordation Date of December 13, 
2001, at Reel 012401, Frame 0464. 

RELATED APPEALS AND INTERFERENCES 

None. 

STATUS OF THE CLAIMS 

Claims 22-40 are in the application. 
Claims 22-40 are rejected. 
Claims 22-40 are appealed. 

STATUS OF AMENDMENTS 

All claim amendments made prior to the Final Office Action of 
August 4, 2005 have been entered. No claim amendments have been filed 
subsequent to the Office Action of August 4, 2005. 

, SUMMARY OF CLAIMED SUBJECT MATTER 

The invention of claims 22 and 33 describes a polarized beam 
splitter assembly whose primary components are prism and a wire grid 
polarizer, see Fig. 1 (Evidence Appendix, Attachment B), and the 
specification, page 4, line 2 through page 5, line 5 (Evidence Appendix, 
Attachment A). The prism 12 has a first internal surface 18 and a second 
internal surface 20. With respect to claim 22, an adhesive 36 is formed 
between polarizer second surface 20 and first surface 18. The air gap 
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cavity 40 is formed between the prism first surface 18, prism second 
surface 20, and adhesive 36. The wire grid polarizer 24 is secured to 
internal surface 18 and extends into the air gap cavity 40. Claim 34 is 
similar to claim 22, but does not recite that the air gap cavity has an 
adhesive perimeter. 

GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 

1. Whether the specification is objectionable under 37 
CFR 1.75(d)(1) and MPEP 608.01(o), as failing to provide antecedent basis 
for the word "volume" as recited in claim 25. 

2. Whether claims 22, 30-34, and 39-40 are unpatentable 
under 35 U.S.C. 103(a) with respect to Ito et al. ("Ito"; US 2003/0179345) 
in view of Matsuda (US 5,703,861). 

3. Whether claim 23 is unpatentable under 35 U.S.C. 
103(a) with respect to Ito in view of Matsuda. 

4. Whether claims 24, 35, and 37 are unpatentable under 
35 U.S.C. 103(a) with respect to Ito in view of Masuda. 

5. Whether claim 25 is unpatentable under 35 U.S.C. 
103(a) with respect to Ito in view of Matsuda. 

6. Whether claims 26-27, 29, and 36 are unpatentable 
under 35 U.S.C. 103(a) with respect to Ito and Masuda, and further in 
view of Yamada et al. ('Yamada"; US 6,013,339) and Ishiwatari (JP 
11007027). 

7. Whether claims 28 and 38 are unpatentable under 35 
U.S.C. 103(a) with respect to Ito and Matsuda, in view of Yamada and 
Ishiwatari. 
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ARGUMENT 


1. The objection to the specification under 37 CFR 
1.75(d)(1) and MPEP 608.01(o), as failing to provide antecedent 
basis for the word "volume" as recited in claim 25. 

Section 6 of the Office Action objects to the specification, 
under 37 CFR 1.75(d)(1) and MPEP608.01(o), as failing to provide proper 
antecedent basis for the limitation recited in claim 25. The Office Action 
states that the product of the adhesive thickness and air gap cavity area 
does not necessarily yield the air gap cavity volume, as the thickness of 
the air gap varies due to the height of the wire grid elements encroaching 
into the air gap cavity. 

The Response to Arguments Section of the Office Action 
states that claim 25 recites the limitation of an "air gap cavity", which 
inherently implies that the cavity is filled with air. The Office Action also 
states that the cavity is defined by the enclosed shape and cavity 
dimensions. The Office Action further states that the Applicant's 
definition of cavity volume does not apply once the cavity includes an 
object. 

In response the Applicant submits that "air gap cavity", as 
recited in claim 25, does not, and is not intended to recite "the volume of 
air in a cavity". Alternately stated, the volume of air is not being recited. 
The claim specifically defines the air gap cavity volume to be the product 
of the maximum adhesive thickness and the air gap cavity area. It is not 
relevant to the definition that this volume can be filled. It is well known 
that an Applicant is permitted to be their own lexicographer. In claim 25, 
the Applicant has defined what he means by "air gap cavity". 
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Further, the Applicant's use of the term "volume" is entirely 
conventional. For example, a bottle having a 1-gallon volume is 
considered a 1-gallon bottle, regardless of whether it is filled with a liquid, 
or empty. More particularly, the air gap cavity volume does not change, 
regardless of whether wire grid elements encroach into the space. 

2. The rejection of claims 22, 30-34, and 39-40 as 
unpatentable under 35 U.S.C. 103(a) with respect to Ito et al. ("Ito"; 
US 2003/0179345) in view ofMatsuda (US 5,703,861). 

In Section 8 of the Office Action claims 22, 30-34, and 39-40 
have been rejected as unpatentable with respect to Ito in view ofMatsuda. 
The Office Action states that Ito describes several elements of the claimed 
invention, but acknowledges that Ito fails to describe an adhesive between 
the polarizer and the prism, or a cavity formed by an adhesive. The Office 
Action also states that Matsuda describes a grid polarizer secured to a 
substrate via a spacer or raised projection of solder adhesive, and that it 
would have been obvious for one of ordinary skill to use an adhesive 
between a polarizer and prism such that an air gap cavity is formed by the 
surrounding adhesive. 

An invention is unpatentable if the differences between it 
and the prior art would have been obvious at the time of the invention. As 
stated in MPEP § 2143, there are three requirements to establish a prima 
facie case of obviousness. 

First, there must be some suggestion or motivation, 
either in the references themselves or in the knowledge 
generally available to one of ordinary skill in the art, to 
modify the reference or to combine reference teachings. 
Second, there must be a reasonable expectation of success. 
Finally, the prior art reference (or references when combined) 
must teach or suggest all the claim limitations. The teaching 
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or suggestion to make the claimed combination and 
reasonable expectation of success must both be found in the 
prior art and not based on applicant's disclosure. In re Vaeck 
947 F.2d 488, 20 USPQ2d, 1438 (Fed. Cir. 1991). 

In Fig. 16 Ito describes a reflective polarizer 4 that uses a 
structural birefringent polarizing plate 21, which is described in the 
explanation of Figs. 2A and 2B [0178]. Polarizing plate 21 has a light 
transmissive substrate 210 in close contact with the surface of second 
prism 40, and a fine thin metal film structure 211 that faces first prism 10 
across a small space [0179]. 

In Fig. 8 Matsuda describes a transparent heat sink 32 
mounted to an optical coupling device 31. The heat sink surface (32a) 
between the heat sink and coupling device supports polarizers 34A and 
34B, which include a wire grid (col. 5, In. 35-50). Matsuda states that 
heat sink 32 is joined to the coupling device 31 by solder layers 47A and 
47B in an outer peripheral sealing region (col. 6, In. 1-8). Matsuda does 
not state that the solders layers 47A and 47B form an air cavity around 
polarizers 34A and 34B. Since the solders layers are shown and labeled 
as independent elements, the solder layers are not joined (are not a 
continuous layer around the perimeter). This assumption is bolstered by 
Matsuda's statement, "(a)s shown in Fig. 9C, the optical coupling device 
31 which has been fabricated as described above, is joined to the wiring 
patterns 43 on the transparent substrate 32A by solder layers 47 A, 47B 
with junction down. If necessary, the optical coupling device is encased in 
a molded body of resin for protection from the ambient atmosphere 
(emphasis added, see col 7, In. 14-21). Although Matsuda may use solder 
to join substrate layers, the solder does not form a cavity. 
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The Office Action states that it would have been obvious at 
the time of the invention to form an air gap cavity around the interface of 
polarizer and prism surfaces using an adhesive, as taught by Matsuda, in 
the assembly of Ito, for the purpose of providing a fixed and rigid 
alignment of prism blocks and wire grid polarizer, thus reducing 
alignment and light scattering losses in the polarized light beam splitter 
assembly. With respect to the first prima facie requirement to support a 
case for obviousness, the Applicant respectfully submits that there is no 
evidence to support a motivation to combine Matsuda's device with Ito's. 

The issue of motivation does not concern itself with whether 
there is some element of commonality (i.e., a polarizer) between 
references. If it did, then any two references could be combined merely as 
the result of a common keyword. Although a prior art device "may be 
capable of being modified to run the way the apparatus is claimed, there 
must be a suggestion of motivation in the references to do so." In re Mills, 
916 F.2d 680, 682, 16 USPQ2d 1430, 1432 (Fed. Cir. 1990). Here, the 
analysis must determine if there is any motivation to modify Ito's 
assembly in such a manner as to teach the claimed invention. Matsuda 
may possibly provide a motivation to use solder layers between 
substrates. However, the claimed invention is not simply the use of an 
adhesive. The Applicant respectfully submits that Matsuda does not 
suggest that Ito be modified to use solder (or any adhesive) to form a 
cavity. Alternately stated, even if there is a motivation to combine the 
Matsuda and Ito references, the invention suggested is not the claimed 
invention. 

Considered from the perspective of the second prima facie 
requirement, even if an expert were given the Matsuda and Ito inventions 
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as a foundation, there is no reasonable expectation that this expert could 
derive the claimed invention, since the claimed invention describes a 
functionality (a cavity formed by a surrounding adhesive) that is not 
present in either of the references. 

With respect to the third prima facie requirement, there is at 
least one clear distinction between the claimed invention and the cited 
prior art references. Although Matsuda does describe to use of a solder 
layer to join substrates, he does not show the formation of a cavity using a 
surrounding adhesive. Matsuda's cross-sectional views describe separate 
solder layers 47A and 47B that are not joined. Matsuda includes several 
plan view views of his assembly. However, none of these plan views show 
a cavity formed by solder layers. Matsuda neither shows nor explicitly 
describes the formation of a cavity surrounded and/or formed using solder 
layers. Since Matsuda does not describe an air gap cavity surrounded by 
an adhesive, and Ito does not even describe an adhesive, the combination 
of references does not describe the cavity limitations of claims 22 and 34. 
Neither does the prior art suggest any modifications that make these 
limitations obvious. Claims 30-33, dependent from claim 22, and claims 
39-40, dependent from claim 34, enjoy the same distinctions from the cited 
prior art. 

3. The rejection of claim 23 as unpatentable under 
35 U.S.C. 103(a) with respect to Ito in view of Matsuda. 

In Section 9 of the Office Action claim 23 has been rejected as 
unpatentable under 35 U.S.C. 103(a) with respect to Ito in view of 
Matsuda. The Office Action states that Matsuda describes a wire grid 
height that is less than the adhesive thickness. 
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Regardless of the wire grid height and adhesive thickness, 
the combination of the Matsuda and Ito references still fails to explicitly 
describe or suggest an air gap cavity with an adhesive perimeter, as 
recited in claim 22. Claim 23, dependent from claim 22, enjoys all the 
distinctions from the prior art detailed above in the response to the 
rejection of base claim 22. 

4. The rejection of claims 24, 35, and 37 as 
unpatentable under 35 U.S.C. 103(a) with respect to Ito in view of 
Masuda. 

In Section 10 of the Office Action claims 24, 35, and 37 have 
been rejected as unpatentable under 35 U.S.C. 103(a) with respect to Ito 
in view of Matsuda. The Office Action states that although Matsuda does 
not describe a uniform adhesive thickness, this feature would have been 
obvious to one of skill in the art. 

Regardless of the uniformity of the adhesive thickness, the 
combination of the Matsuda and Ito references still fails to explicitly 
describe or suggest an air gap cavity (claim 34), or an air gap cavity with 
an adhesive perimeter (claim 22). Claim 24, dependent from claim 22, 
and claims 35 and 37, dependent from claim 34, enjoy all the distinctions 
from the prior art detailed above in the rejection of base claims 22 and 34. 

5. The rejection of claim 25 as unpatentable under 
35 U.S.C. 103(a) with respect to Ito in view of Matsuda. 

In Section 11 of the Office Action claim 25 has been rejected 
as unpatentable under 35 U.S.C. 103(a) with respect to Ito in view of 
Matsuda. The Office Action states that one of ordinary skill in the art 
would have known how to determine the volume of the cavity. 
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Regardless of how the cavity volume is determined, the 
combination of the Matsuda and Ito references still fails to explicitly 
describe or suggest an air gap cavity with an adhesive perimeter, as 
recited in claim 22. Claim 25, dependent from claim 22, enjoys all the 
distinctions from the prior art detailed above in the response to rejection 
of claim 22. 

6. The rejection of claims 26-27, 29, and 36 as 
unpatentable under 35 U.S.C. 103(a) with respect to Ito and 
Masuda, and further in view of Yamada et al. ("Yamada"; US 
6,013,339) and Ishiwatari (JP 11007027). 

In Section 12 of the Office Action, claims 26, 27, 29, and 36 
have been rejected as unpatentable under 35 U.S.C. 103(a) with respect to 
Ito and Matsuda, and further in view of Yamada et al. ("Yamada"; US 
6,013,339) and Ishiwatari (JP 11007027). The Office Action states that 
Ishiwatari and Yamada teach the use of spherical spaces to define an 
adhesive thickness, and that it would have been obvious to use the 
spacers in the beam splitter assembly of Ito, in view of Matsuda. 

Even if Ishiwatari and Yamada use spherical spacers in an 
adhesive, the combination of the four references still fails to explicitly 
describe or suggest an air gap cavity, or an air gap cavity formed with an 
adhesive perimeter, as recited in claims 34 and 22, respectively. Claims 
26, 27, and 29, dependent from claim 22, and claim 36, dependent from 
claim 34, enjoy all the distinctions from the prior art detailed above in the 
response to the rejection of claims 22 and 34. 

7. The rejection of claims 28 and 38 as 
unpatentable under 35 U.S.C. 103(a) with respect to Ito and 
Matsuda, in view of Yamada and Ishiwatari. 
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In Section 13 of the Office Action, claims 28 and 38 have 
been rejected as unpatentable under 35 U.S.C. 103(a) with respect to Ito 
and Matsuda, and further in view of Yamada and Ishiwatari. The Office 
Action states that Ishiwatari and Yamada fail to specifically disclose a 30- 
micron adhesive thickness, but that such a thickness would have been 
obvious to obtain. 

Even if Ishiwatari and Yamada did disclose an adhesive 
thickness of 30 microns, the combination of the four references still fails to 
explicitly describe or suggest an air gap cavity formed with an adhesive 
perimeter, or an air gap cavity, as recited in claims 22 and 34, 
respectively. Claim 28, dependent from claim 22, and claim 38, dependent 
from claim 34, enjoy all the distinctions from the prior art detailed above 
in the response to the rejection of claims 22 and 34. 
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SUMMARY AND CONCLUSION 

It is submitted that for the reasons pointed out above, the 


claims in the present application clearly and patentably distinguish over 
the cited references. Accordingly, the Examiner should be reversed and 
ordered to pass the case to issue. 


Authorization is provide, in the amount of $500.00, to cover 


the fee for this Appeal Brief. Authorization is given to charge any deficit or 
credit any excess to Deposit Account NouJ>00803. /~\ 
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1-21. canceled 

22. (previously presented) A polarized light beam 
splitter assembly comprising: 

a polarized light beam splitter prism including: 
a first internal surface; and 
a second internal surface; 
a wire grid polarizer including: 

a first surface secured to the prism first surface; 
a second surface raised from and parallel to the 
polarizer first surface, with a perimeter region and a central region; 
an adhesive formed between the polarizer second surface 
perimeter region and the prism second surface; 

an air gap cavity between the prism second surface and the 
polarizer second surface central region, surrounded by the adhesive; and 
a wire grid attached to the polarizer second surface central 
region, with a height extending into the air gap cavity. 


23. (previously presented) The assembly of claim 22 
wherein the air gap cavity has an area defined by the polarizer second 
surface perimeter region and a height defined by the maximum thickness 
of the adhesive. 

24. (previously presented) The assembly of claim 23 
wherein the adhesive has a uniform maximum thickness defined between 
the polarizer second surface and the prism second surface; and 
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wherein the polarizer wire grid height is less than the 
adhesive maximum thickness. 


25. (previously presented) The assembly of claim 24 
wherein the air gap cavity has a volume defined by the product of the 
maximum adhesive thickness and the air gap cavity area. 

26. (previously presented) The assembly of claim 25 
further comprising: 

spacers having a uniform size embedded in the adhesive; and 
wherein the adhesive maximum thickness is defined by the 

spacer size. 

27. (previously presented) The assembly of claim 26 
wherein the spacers have a spherical shape with a diameter; and 

wherein the adhesive maximum thickness is equal the spacer 

diameter. 

28. (previously presented) The assembly of claim 26 
wherein the adhesive maximum thickness is in the range of 1 and 30 
microns. 

29. (previously presented) The assembly of claim 26 
wherein the spacers are formed on the polarizer second surface. 

30. (previously presented) The assembly of claim 22 
wherein the prism is a glass cube split into interfacing first and a second 
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sections, wherein the prism first surface is formed on the prism first 
section interface and the prism second surface is formed on the prism 
second section interface. 

31. (previously presented) The assembly of claim 30 
wherein the cube defines an elongated axis and wherein the prism first 
and second surfaces have an angle, defined with respect to the elongated 
axis, in the range between 1 and 89 degrees. 

32. (previously presented) The assembly of claim 22 
further comprising: 

a light source positioned to emit light; 
a reflection device; and 

wherein the polarizer second surface accepts light from the 
light source and redirects the light toward the reflection device. 

33. (previously presented) The assembly of claim 32 
wherein the reflection device is device chosen from the group including a 
liquid crystal display panel, a mirror, and a quarter wave plate. 

34. (previously presented) A polarized light beam 
splitter assembly, the assembly comprising: 

a prism having a source axis oriented to accept light in a first 
polarization and an emission axis to supply light in a second polarization; 

a polarizer embedded in the prism, including a glass 
substrate with parallel first and second surfaces, and a wire grid formed 
overlying the glass substrate first surface; and 
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an air gap cavity interposed between the glass substrate first 
surface and the prism. 


35. (previously presented) The assembly of claim 34 
wherein the prism has a first interior surface and a second interior 
surface; 

wherein the glass substrate first surface has a perimeter; 

and 

the assembly further comprising: 

an adhesive having a uniform maximum thickness 

interposed between the glass substrate first surface perimeter and the 

prism first interior surface; and 

wherein the air gap cavity is formed by prism first interior 

surface, the glass substrate first surface, and the adhesive. 

36. (previously presented) The assembly of claim 35 
further comprising: 

uniformly sized spacers embedded in the adhesive. 

37. (currently amended) The assembly of claim 35 
wherein the wire grid has a height; and 

wherein the adhesive maximum thickness is greater than the 
wire grid height. 

38. (previously presented) The assembly of claim 35 
wherein the adhesive maximum thickness is in the range of 1 and 30 
microns. 
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39. (previously presented) The assembly of claim 34 
further comprising: 

a light source to supply the light; 
a reflection device; and 

wherein the wire grid accepts light from the light source and 
redirects the light toward the reflection device. 

40. (previously presented) The assembly of claim 39 
wherein the reflection device is device chosen from the group including a 
liquid crystal display panel, a mirror, and a quarter wave plate. 
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POLARIZED LIGHT BEAM SPLITTER ASSEMBLY 
INCLUDING EMBEDDED WIRE GRID POLARIZER 


Inventor: James M. Florence 
Field Of The Invention 
This invention relates to a polarized light beam splitter assembly including an 
embedded wire grid polarizer and, more particularly, to an assembly wherein spacers are 
used to ensure a uniform distance between the embedded wire grid polarizer and an 
internal surface of the polarized light beam splitter so as to ensure a uniform air gap 
between the wire grid and the internal surface. 

Background Of The Invention 

Wire grid polarizers are made by fabricating a very fine grid pattern of metal 
stripes on an outer surface of a thin substrate, typically glass. The fabrication techniques 
generally use lithographic exposures that are best completed on wafers that can be easily 
handled by semiconductor fabrication equipment 

When used as a polarized light beam splitter (PBS) control element, the wire grid 
plate is tilted at a forty five degree angle with respect to a light source to reflect S- 
polarized light, for example, onto a mirror and a 1/4 waveplate, or onto a reflective liquid 
crystal display (LCD) device. The desired output is modulated to P-polarization and then 
reflects through the tilted wire grid polarizer. This tilted plate configuration introduces 
two problems. First, the tilted glass substrate will introduce astigmatism into the 
projected image. This will cause horizontal and vertical features of the desired projected 
image to come to focus in separate image planes. The second problem is that the tilted 
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plate occupies a certain space and the projection optics must have sufficient back 
working distance to operate over the length of that space. This can be a problem if the 
desired focal length of the projection lens is small. 

Most PBS structures use a cubic prism configuration that imbeds the polarizing 
surface inside a cube of glass. This cubic configuration presents flat sides perpendicular 
to the optical axis of the projection system which introduces no astigmatism into the 
projected image. Additionally, because the cube is made of glass having an index of 
refraction greater than air, the effective back working distance of the projection optics 
will be reduced. 

Wire grid polarizing structures are best manufactured on flat, thin substrates. 
Currently, there is no convenient method of producing the grids directly on a prism face. 
Additionally, operation of the wire grid requires air on the metal side of the grid, which 
prevents the wire grid from being glued or abutted directly against a glass prism face. 
Due to these manufacturing and operational limitations, there appears to be no prior art 
solution to fabricate a viable PBS prism using an embedded wire grid polarizer. 

Summary Of The Invention 
The assembly of the present invention utilizes spacers to ensure a uniform 
distance between the exposed surface of an internal wire grid polarizer and a 
corresponding internal surface of the polarized light beam splitter prism so as to ensure a 
uniform air gap between the two surfaces within the prism. The spacers typically 
comprise rigid spheres having a precise predetermined outer diameter. The spacers are 
generally contained within an adhesive, such as epoxy, which is used to adhere the 
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exposed surface of the wire grid polarizer to the internal surface of the prism, around the 
outer edge of the two surfaces. The exposed surface of the wire grid polarizer and the 
internal surface of the prism are forced togelher during adhesion so that the two surfaces 
are uniformly separated by the width of a single spacer. 

Accordingly, an object of the invention is to provide a beam splitter assembly 
having an embedded wire grid polarizer. 

Another object of the invention is to provide a beam splitter assembly having an 
internal air gap positioned between an exposed surface of a wire grid polarizer and an 
internal surface of a PBS prism. 

A further object of the invention is to provide a beam splitter assembly having a 
uniform spacing between an internal surface of the assembly and an exposed surface of 
an internal wire grid polarizer. 

Still a further object of the invention is to provide a method of manufacturing a 
beam splitter assembly having an embedded wire grid polarizer. 

These and other objects and advantages of the invention will become more fully 
apparent as the description that follows is read in conjunction with the drawings. 

Brief Description Of The Drawings 
FIG. 1 is a schematic of the polarized light beam splitter assembly including an 
embedded wire grid polarizer. 

FIG. 2 is a cross sectional view of the polarized light beam splitter assembly taken 
along line 2-2 of FIG. 1. 

FIG. 3 is a detailed view of the edge region of the assembly of FIG. 1. 
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Detailed Description Of The Preferred Embodiments 
Turning now to the drawings, FIG. 1 shows a schematic of the polarized light 
beam splitter (PBS) assembly 10 including an embedded wire grid polarizer. In 
particular, assembly 10 includes a polarized light beam splitter prism 12 including first 
and second halves 14 and 16, respectively. Prism 12 typically comprises a glass cube but 
other shapes and materials may be utilized as is known in the ait In the preferred 
embodiment, halves 14 and 16 of prism 12 typically each comprise a triangular section, 
each section having an internal surface 18 and 20, respectively, wherein surfaces 18 and 
20 are positioned at a forty five degree angle to an axis 22 of light emission from the 
prism. 

An internal wire grid polarizer 24 is secured to one of internal surfaces 1 8 or 20. 
In the embodiment shown, polarizer 24 is adhered to internal surface 18 of prism section 
14. In other embodiments, the wire grid polarizer may be adhered to a surface at an angle 
other than forty five degrees from the light emission axis, or at a position other than at the 
diagonal center of the polarized light beam splitter. In the preferred embodiment, wire 
grid polarizer 24 comprises a thin glass substrate 26 with a wire grid 28 positioned on an 
external surface 30 of substrate 26. Substrate 26 may be adhered completely across its 
inner surface 32 to internal surface 18 of prism 12 by adhesive material 34, such as epoxy 
or glue, or any other means suitable for the particular application. Substrate 26 typically 
is adhered to surface 18 completely across surface 32 so as to reduce irregularities or 
spatial differences in the type or the thickness of the securenient mechanism positioned 
within the light path through the prism. 
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Still referring to FIG. 1, substrate 26 is adhered to second section 16 of prism 12 
by adhesive 36, such as epoxy, including spacers 38 distributed therein. Spacers 38 
position surface 30 of wire grid polarizer 24 a uniform distance from surface 20 of prism 
section 16 to create an air gap 40 therebetween. This spacing is more clearly shown in 
detail region 3, shown in FIG. 3, 

Still referring to FIG. 1 , assembly 1 0 comprises a light source 42 which provides, 
for example, S-polarized light 44. The light source may provide, however, any type or 
orientation of light as is desirable for a particular application. The S-polarized light 44 is 
reflected by wire grid polarizer 24 of prism 12 so that the S-polarized light is re-directed 
toward a reflection device 46, such as a mirror and a 1/4 wave plate, or a liquid crystal 
display device, positioned adjacent prism 12. Of course, other reflection devices as 
known in the art may also be utilized. Reflection device 46 modulates the 
S-oriented light to P-oriented light 48 which is reflected back through the embedded 
tilted wire grid polarizer 24 and along light emission axis 22. As light passes through air 
gap 40, the small tilted air gap, i.e., tilted with respect to axis 22, introduces some 
astigmatism to the produced image. However, the astigmatism introduced into the 
produced image due to air gap 40 is quite small relative to the astigmatism introduced 
into the produced image by the tilted glass substrate. 

FIG. 2 is a cross sectional view of the assembly taken along line 2-2 of FIG. 1 . 
Adhesive 36 is shown positioned around an edge region 50 of substrate 26 so that 
adhesive 36 does not interfere with light passing through a central region 52 of prism 12. 
Spacers 38 are shown randomly distributed throughout adhesive 36 in edge region 50. 
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FIG. 3 shows a detailed view of the edge region of the internal wire grid polarizer 
secured within prism 12. Spacers 38 typically are rigid spheres each having a uniform 
outer diameter 54, wherein the length of diameter 54 is chosen to correspond to a desired 
width 56 of air gap 40. The spacers typically are distributed within adhesive 36, such as 
an epoxy. The adhesive is thereafter placed between external surface 30 of wire grid 
polarizer 24 and internal surface 20 of second prism section 16, around the perimeter 50 
of the two surfaces. The perimeter of surface 30 of wire grid polarizer 24 typically does 
not include any wires (shown in end view in this figure) of wire grid 28. The two prism 
sections are then forced together so that surfaces 20 and 30 are spaced uniformly from 
one another by a distance 56, i.e. a the diameter of the spacers. In other words, the epoxy 
will be squeezed from between the spacers and surfaces 20 and 30 so that the spacers will 
directly contact both surfaces 20 and 30 within the prism. Accordingly, the spherical 
spacers will hold the two prism sections separated by a predetermined uniform distance. 
In other embodiments, other shaped spacers may be utilized such as raised rectangular 
spacers manufactured directly on the perimeter of the glass substrate. In such an 
embodiment, adhesive would be placed between or around the rectangular spacers to as 
to secure the two prism sections together. 

In the preferred embodiment the internal surfaces of the prism, and the two 
surfaces of the wire grid substrate are each parallel to one another, and each define an 
angle 58 of approximately forty five degrees with respect to axis 22 of the assembly. Of 
course the internal surfaces of the prism may be manufactured at other angles as dictated 
by each particular application, such as angles in a range of one to eighty nine degrees. 


In one embodiment each of spacers 38 may have a diameter 54 of approximately 
10 pm. In other embodiments the spacers may have a smaller or a larger diameter, such 
as a diameter in a range of 1 to 30 fim 3 so as to provide a corresponding width air gap 40. 
However, if spacers having too small a diameter are used, the resulting air gap will be too 
thin and will cause reduced PBS performance by evanescent coupling of the light waves 
from one prism block section to another. The diameter of the spacers used, therefore, 
should be chosen according to the particular dimensions and qualities of the prism and 
light being used. In each particular embodiment, each of the spacers distributed within 
epoxy 36 typically will have the same diameter or height 54 as the other spacers. This 
will ensure a uniform air gap between the two prism sections. However, smaller sized 
spacers may be used within an epoxy containing larger sized spacers, wherein the large 
sized spacers will define the width of the air gap. 

Thus, a polarized light beam splitter having an internal wire grid polarizer, and a 
method of manufacturing the same, has been disclosed. Although preferred structures 
and methods of manufacturing the device have been disclosed, it should be appreciated 
that further variations and modifications may be made thereto without departing from the 
scope of the invention as defined in the appended claims. 
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